Delay discounting describes the subjective devaluation of a reward when it is delayed. In animals, the adjusting-delay (AD) and increasing-delay (ID) tasks often are used to assess individual differences in, and drug effects on, delay discounting. No study to date, however, has compared systematically the measures of discounting produced in these tasks. The current study examined the correlation between measures of delay discounting derived from AD and ID procedures. Twenty rats completed 30 sessions under each task (order counterbalanced across rats). Quantitative measures of delay discounting produced by the two tasks were positively correlated, suggesting that the AD and ID tasks measure the same underlying facet of impulsive choice (i.e. individual or conjoint sensitivities to reward delay and magnitude). The measures derived from either task, however, depended on the sequences in which the tasks were experienced. That is, pre-exposure to one task decreased discounting of delayed rewards in the second task. Consistent with other published findings, exposure to delayed consequences during the initial discounting assessment might explain this effect. Despite the observed correlation between ID and AD indifference delays, we suggest that the ID procedure might be a more appropriate procedure for pharmacological studies. Behavioural Pharmacology 25:306-315
Impulsive choice may be defined as the propensity of an organism to select relatively small, immediate rewards at the expense of larger, delayed rewards (Ainslie, 1974; Logue, 1988) . The temporal myopia inherent in impulsive choice might result from the devaluation of a reward because it is delayed (i.e. delay discounting; see Odum, 2011 for a review). The extent to which individuals exhibit impulsive choice in delay-discounting tasks has been correlated with behavioral pathologies of addiction such as substance abuse (e.g. Madden et al., 1997; Vuchinich and Simpson, 1998; Bickel et al., 1999; Heil et al., 2006) , pathological gambling (e.g. Petry and Casarella, 1999; Albein-Urios et al., 2012) , and chronic overeating (e.g. Weller et al., 2008; Rasmussen et al., 2010) . Further, some evidence has suggested that excessive delay discounting precedes and predicts future susceptibility to addiction (as opposed to excessive discounting resulting from addiction; e.g. Perry et al., 2005; Audrain-McGovern et al., 2009; Khurana et al., 2013) . Isolating the biobehavioral processes that underlie delay discounting, might therefore have implications in the understanding and treatment of its maladaptive behavioral correlates.
In the animal laboratory, various experimental paradigms have been used to assess delay discounting and its pharmacological and neurobiological underpinnings (see Stein and Madden, 2013 for a review). Among the most common of these preparations are the increasing-delay (ID; Evenden and Ryan, 1996) and the adjusting-delay (AD; Mazur, 1987) tasks, used primarily with rats as subjects. Several procedural elements are common to both tasks. Both are discrete-trial tasks in which subjects choose between a smaller-sooner reward (SSR) and a larger-later reward (LLR), with the time separating choice opportunities held constant, regardless of the reward chosen. In these procedures, free-choice trials are preceded by forced-choice trials in which only one alternative is available, thereby ensuring that both consequences are sampled. Following freechoice trials, the delay to the LLR is varied systematically within sessions to reveal an 'indifference delay' -the delay at which the subjective, discounted value of the LLR is equal to the objective, undiscounted value of the SSR. The ID task arrives at this indifference delay by increasing the delay to the LLR (e.g. from 0-60 s) across blocks of forced-choice and free-choice trials. The indifference delay is estimated by interpolating the point at which percent LLR choice is 50%, either by linear or nonlinear regression (see Evenden and Ryan, 1996; Stein et al., 2013b ). In the AD task, the delay to the LLR increases (decreases) by, for example, 1 s when the rat selects the LLR (SSR) on the two free-choice trials that follow two forced-choice trials. The indifference delay is the mean adjusted delay obtained when the adjusted delay value stabilizes.
Although the ID and AD tasks commonly are used to assess delay discounting, some have suggested that procedural differences between tasks might impact the measures of discounting that they produce [see for a detailed discussion]. For example, using an impulsive-choice task in which LLR delay varied across sessions, Fox et al. (2008; Experiment 1) reported longer indifference delays in rats (i.e. less impulsive choice), with increasing compared to decreasing delay order. This finding suggests that the current choices made in the ID task [in which LLR delay is varied even more rapidly than in the task used by Fox et al. (2008) ] are influenced by the arrangement of prior delays, an effect that might lead to a systematic underestimation of delay discounting when delays increase across trial blocks.
With regard to the AD task, no study to our knowledge has been designed to compare the method of withinsession delay manipulation (e.g. size of the adjustment increment); Green et al. (2007) , however, reported that discounting rates in the AD procedure were quantitatively comparable to discounting rates obtained using an adjusting-amount task (see Richards et al., 1997) . Indeed, the discounting functions obtained by Green et al. (2007) under the AD task were slightly more orderly than those obtained in the adjusting-amount task. These findings, collected from pigeon subjects, provide support for the AD task as a valid means by which to quantify delay discounting. The generality of this finding to rats is an open question, as is the validity of the ID task.
The widespread use of the AD and ID tasks and the procedural concerns just noted provide a rationale for evaluating the correlation between the indifference delays produced by these tasks. To date, no direct attempts have been made to cross-validate the discounting measures derived from these tasks. Given that ID and AD tasks are used interchangeably to assess the effects of the same independent variables on impulsive choice (e.g. drug administration; for review see Stein and Madden, 2013) , cross-validation of the measures of discounting derived from these tasks is needed. To address this gap in the literature, rats in the present study completed 30 sessions of either the ID or AD task, followed by 30 sessions of the other task. Correlation analyses were carried out on the discounting measures derived from both tasks.
Methods

Subjects
Twenty male, experimentally naive Long-Evans rats (Charles River Laboratories, Wilmington, Massachusetts, USA) served as subjects. Rats were ∼ 90 days old at the start of the experiment and were housed individually in polycarbonate cages in a temperature-controlled and humidity-controlled colony room operating on a 12 h/12 h light/dark cycle (lights on at 8:00 a.m.). Rats had free access to water in their home cages but were maintained at 85% of their free-feeding weights by the use of supplemental feedings ∼ 1 h after sessions. Sessions were conducted 7 days/week. Half of the rats were selected randomly to complete the AD task first, followed by the ID task (hereafter the AD-ID group). The remaining rats completed these tasks in the opposite order (hereafter the ID-AD group). Animal care and all procedures described below were conducted in accordance with Utah State University's Institutional Animal Care and Use Committee.
Apparatus
Ten identical operant-conditioning chambers (Med Associates, St. Albans, Vermont, USA) were used. Each was housed within a sound-attenuating cubicle equipped with an exhaust fan and a white-noise speaker. Two retractable response levers were positioned in the left and right panels on the front wall of the chamber (6.5 cm above the grid floor). A nonretractable lever was positioned on the rear wall in the center panel. Above each lever was a 28 V DC cue light. A pellet feeder (Coulbourn Instruments, Allentown, Pennsylvania, USA), mounted outside the chamber, delivered grainbased pellets (45 mg; Bio-Serv, Frenchtown, New Jersey, USA) into a receptacle positioned between the front-wall levers (1 cm above the grid floor). Inside each pellet receptacle was a 2 W stimulus light.
Procedure
Lever training
An autoshaping procedure was used to establish frontlever responding. Response training on one front lever was provided first, followed by training on the opposite front lever (order counterbalanced across rats). During each session, the active lever was inserted into the chamber every 75 s and the cue light associated with the lever was illuminated. After 5 s, the lever was retracted, the light was extinguished, and one food pellet was delivered following the minimum delay that the software allowed (0.01 s; hereafter referred to as 0 s) independently of responding. Rats could earn the food pellet at any time during the 5-s period by pressing the lever. In these and all sessions described below, a 0.75-s flash of the receptacle light accompanied each pellet delivery.
Autoshaping sessions terminated after 60 pellet deliveries. Rats completed training sessions on each lever until at least 90% of the available reinforcers were earned (by making an operant response) for two consecutive sessions. Once the rats were trained for front-lever responding, they were trained to respond on the rear lever under a chain schedule similar to that used in the impulsive-choice tasks described below. At the beginning of every trial, the cue light above the rear lever was illuminated. A single response on the rear lever extinguished the cue light and resulted in insertion of one pseudorandomly determined front lever and illumination of the associated cue light. A single response on the active front lever initiated the same consequences described above. Rear-lever training continued until rats met the same criterion used during front-lever autoshaping.
Alternative lever-training methods were used for three rats (A7, A8, and A13) that did not meet the front-lever autoshaping criterion within 10 sessions. For these rats, an area ∼ 6 cm above the active lever was baited with roughly 1 g of commercially available peanut butter to encourage focal exploration of the area surrounding the lever and thus increase the probability of responding. Once lever pressing was initiated using this method (one to two sessions), baiting was discontinued and responding was subjected to the same criterion described above.
Adjusting-delay task
Rats completed 30 sessions of an AD task that was modeled after the task used by Mazur (1987) . A fixed number of sessions was conducted because previous research has demonstrated that 20-30 sessions is generally sufficient to achieve stable responding [e.g. Mazur (2012) achieved stability in 13-22 sessions] and good test-retest reliability (McClure et al., 2014 : 15 sessions at test and retest) in the AD task. Each session was divided into fifteen, four-trial blocks (60 trials total). The first two trials in each block were forced-choice trials, in which only one lever was available (the order of lever presentation varied randomly in every pair of forced-choice trials). The final two trials in each block were free-choice trials, in which both levers were available. At the beginning of each trial, the rear lever was activated and its associated cue light was illuminated. As before, a single response extinguished the associated cue light and caused one or both front levers (depending on trial type) to be inserted and the associated cue light(s) to be illuminated. A single response on the SSR lever produced immediate delivery of one food pellet, whereas a single response on the LLR lever produced delivery of three food pellets following the adjusted delay (see below). The assignment of levers was counterbalanced across rats. A limited-hold omission criterion was imposed on all trials, such that if the rat did not respond either on the rear lever within 20 s of trial onset or on one of the front levers within 20 s of lever insertion, the trial was terminated and was counted as an omission. Pellet deliveries on all trials were followed by a variable intertrial interval (ITI) during which no stimuli were presented. Following each trial, the duration of the ITI was calculated by subtracting the total time in the current trial (i.e. time from the onset of the trial to food delivery) from 80 s.
This ITI ensured that the trials began every 80 s, regardless of which reward was chosen.
The delay to the LLR was set initially to 6 s but was titrated across trial blocks on the basis of each rat's previous choice. Specifically, if a rat chose the LLR on both free-choice trials in a block, the delay to that reward increased by 1 s in the subsequent trial block. Conversely, if the rat chose the SSR on both free-choice trials, the delay decreased by 1 s in the subsequent trial block. If the rat chose one of each reward, the delay remained the same. At the beginning of each subsequent session, the delay to the LLR was carried over from the end of the previous session. Delay adjustments were constrained to a minimum of 0 s and a maximum of 60 s, although the latter constraint never was contacted. During all sessions, the cue light above the LLR lever remained on during the delay.
Increasing-delay task
The ID task is likely the most common method for assessing discounting, and more procedural variations have been reported for this task than for the AD task. Accordingly, a literature review was conducted using Google Scholar and PubMed to determine those aspects of the ID task that are used most commonly. The search included all articles citing Evenden and Ryan (1996) from January 2008 until March 2013. Procedural details of interest included: (i) the range of delays associated with the LLR option within a session; (ii) the number of forced-choice and free-choice trials per block; (iii) whether the study included an initial amount-discrimination phase, in which subjects were required to demonstrate some criterion preference for the LLR over the SSR when both were delivered immediately, before collection of terminal data; (iv) whether the study included 0-s delay sessions (sessions in which no delays were programmed on the LLR option, designed to ensure that the subjects maintain amount sensitivity or diagnose insensitivity, if present); and (v) whether blackout periods separated trial blocks (designed to potentially minimize the influence of past delays on current choice). The results from this review are included in the Appendix. The range of delays associated with the LLR option most commonly was 0-60 s. The most common free-choice to forced-choice trial ratio was 5 : 1 (10 free-choice and two forced-choice trials). Amount-discrimination phases, 0-s delay sessions, and interblock blackouts rarely were used. The procedure below was modeled after these findings.
Each session in the ID task was divided into five, 12-trial blocks (60 trials total). The first two trials in each block were forced-choice trials, as described above. The next 10 trials in each block were free-choice trials. In each session, the delay to the LLR increased monotonically across the five trial blocks (i.e. 0, 10, 20, 40, and 60 s), independently of the rats' previous choices. With the exceptions noted above, all remaining ID-task parameters, trial sequence, and number of sessions were identical to those described for the AD task.
As in the AD task, the rats completed a fixed 30 sessions under the ID task because previous research has demonstrated that 30 sessions are generally sufficient to achieve stable responding (e.g. Robinson et al., 2009; Simon et al., 2009; Broos et al., 2012) . Four rats in the ID-AD group (A4, A7, A13, and A17) demonstrated a strict preference for the SSR lever during the first 14 sessions of the ID task. Between sessions 14 and 15, these rats completed two sessions consisting of 60 LLR forced-choice trials. After completing these sessions, the rats were placed back onto the ID task for the remaining 16 sessions.
Statistical analyses
In both tasks, data were taken from the terminal six sessions. All statistics reported below were deemed significant at an α-level of less than 0.05. To calculate indifference delays for individual rats following the ID task, an inverted sigmoid function was fit to percent LLR choice across delays using Microsoft Excel Solver (see Stein et al., 2013b) . A 2 × 2 mixed-model analysis of variance was used to assess the effects of task (AD vs. ID), sequence (AD-ID vs. ID-AD), and the interaction between these variables on indifference delays.
Results
Indifference delays
For the ID task, percent LLR choice across trial blocks for each subject are shown in Table 1 . The inverted sigmoid function used to derive indifference delays provided excellent fits to individual subject's percent LLR choice (mean variance accounted for = 98.65, SEM = 0.42; Table 2 ). The mean indifference delays obtained from these fits are shown in Fig. 1 . Indifference delays obtained in the AD task (i.e. mean adjusted delays) also are included in Fig. 1 , and individual subject's AD indifference delays are included in Table 3 . The analysis of variance carried out on these data revealed a significant sequence × task interaction Mean and SEM were calculated across the last six sessions of the ID procedure. AD, adjusting delay; ID, increasing delay; LLR, larger-later reward. Adjusting-delay and increasing-delay tasks Craig et al. 309
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Correlation analyses and regression toward the mean Figure 2a shows a scatterplot of indifference delays obtained in the AD and ID tasks for each subject. Because the residuals around the best-fit regression line were not normally distributed (Kolmogorov-Smirnov D = 0.22, P < 0.01), the Spearman rank-order correlation coefficient was calculated. Indifference delays from the AD and ID tasks, aggregated across groups, were significantly correlated [P(18) = 0.71, P < 0.001]. Figure 2b is a Galton squeeze plot showing the relation between Z-score standardized indifference delays in the first and second assessments (see Burrell et al., 2010) . If the correlation between the standardized first-assessment and second-assessment indifference delays was perfect (i.e. no regression toward the mean), each line would be horizontal from the left to the right axis. The obtained correlation between these assessments was r (18) = 0.73, which is significantly different from a test value of 1.0 (P < 0.05). The estimated proportion of variance accounted for by regression toward the mean [V r = 100 (1 − r); Campbell and Kenny, (1999)] was 27%.
Latency to respond
To determine whether either task type or task order affected motivation to respond, response-latency analyses were conducted. First, for each subject, the mean response latencies (i.e. the time from insertion of the choice levers to emission of a lever press) from all free-choice trials during the last six sessions of both procedures were calculated. These latencies then were categorized in two ways: the first procedure experienced (AD or ID) versus the second procedure experienced, and the AD versus the ID procedure (regardless of order 
Discussion
The current experiment assessed the extent to which two commonly used delay-discounting tasks, the AD and ID tasks, produce comparable measures of discounting. The indifference delays obtained in these tasks were significantly and positively correlated. These data suggest that AD and ID tasks measure the same underlying facets of impulsive choice (i.e. individual or conjoint sensitivities to reward delay and magnitude). In the paragraphs that follow, we provide a postresult discussion of the validity of the ID and AD tasks and outline some factors that might underlie the less-than-perfect correlation between the indifference delays obtained in these tasks.
Madden and Johnson (2010) speculated that the ID task might be a less valid procedure for assessing delay discounting than other tasks because choices made in the ID task appear to be influenced by both present and past LLR delays (see, e.g., Fox et al., 2008) . More specifically, in the case of typical ID tasks, in which subjects experience an increasing progression of delays across trial blocks, indifference delays might be inflated (i.e. diminished impulsive choice) if choice in the current trial block is influenced by the shorter-duration delays arranged in earlier trial blocks. If this was the case in the present experiment, then rats would have attained higher indifference delays in the ID task than they did in the AD task. This systematic difference was not observed, offering further support for the ID task as a valid measure of delay discounting.
The validity of the AD task for assessing delay discounting was less in question, as both experiments in the study by Green et al. (2007) indicated that the AD task provided more systematic delay discounting data than did an adjusting-amount task. An earlier study conducted by Cardinal et al. (2002) , however, reported that the indifference delays obtained in the AD task were unsystematic and could not be distinguished from computer simulations that made random choices. The Mean indifference delays in the AD and ID task for both groups. Error bars represent SEM. AD, adjusting delay; ID, increasing delay. The less-than-perfect correlation between indifference delays obtained in the AD and ID tasks does not appear to have been influenced by motivational factors associated with task type or task order; in both of these comparisons, latencies to respond when choice alternatives were presented were functionally identical at both the group and individual-subject (see correlation, above) levels. The correlation between indifference delays, however, apparently was influenced by time (i.e. maturation, intervening experience) and regression toward the mean. Indifference delays increased from the first to the second discounting task, regardless of the order in which the rats completed the AD and ID tasks. Regression toward the mean accounted for 27% of the variance in this shift (Fig. 2b) as some rats that demonstrated low indifference delays in the first task had high indifference delays in the second. It seems unlikely that the remaining variance is due to maturation alone because past reports of maturation-related decreases in delay discounting have documented changes over far longer proportions of the rodent lifetime (e.g. Simon et al., 2010) .
A second factor that might have decreased the rate of delay discounting in the second assessment is previous exposure to delayed reinforcers. Stein et al. (2013a) trained separate groups of rats to press a lever for either immediate or delayed food reinforcers. In a post-training test of impulsive choice, rats that were trained to lever press with delayed reinforcers made significantly fewer impulsive choices than did rats that had no prior experience with delayed reinforcers (see also Eisenberger et al., 1982) . In the present study, 'pretraining' on either discounting task entailed substantial exposure to delayed reinforcement. Thus, pre-exposure to delayed consequences might be responsible for some of the variance in the decreasing impulsive choice observed over time.
Killen (2011) suggested that impulsive choice (i.e. selecting an SSR and forgoing an LLR) in nonhuman animals might have little to do with the discounting of the value of the LLR. Instead, forgoing the LLR might occur because of substantial decay of the memory trace of the response that produced the LLR over the response-reinforcer interval. Associating the response that led to the LLR with the LLR itself should be an increasingly difficult task as this memory trace decays and as other candidate responses occur during the delay. Put another way, the rat might choose the SSR over the LLR simply because it can discriminate easily the causal relation between response and reinforcer on that alternative, whereas the causal connection between pressing the other lever and the LLR is less clear. According to this account, prior experience with delayed responsecontingent reinforcement (e.g. during the forced-choice trials in the first delay discounting task in the present experiment) should enhance learning of the response-LLR contingency. Thus, exposure to the response-LLR sequence and the associated gradual learning of the contingent relation between these events might play a role in the increase of indifference delays from the first to the second task in the present experiment.
If the ID and AD tasks measure the same underlying construct and the results from both are susceptible to effects of delay exposure and regression toward the mean, one might anticipate sequence effects similar to those reported here if subjects were to experience either task more than once. To our knowledge, no study to date has directly examined the extent to which discounting measures derived from conventional AD or ID procedures are stable across repeated assessments. McClure et al. (2014) , however, demonstrated a high degree of test-retest reliability in discounting measures derived from a variant of the AD task. In this task, rats chose between sweetened water delivered after either fixed or variable delays, and the fixed delay decreased gradually across sessions until choice between the two options was indifferent. Fifteen-day assessments were separated by a 15-day break from sessions. The proportion of variance accounted for from regression of discounting measures derived from the second task exposure onto those derived from the first was 0.76, and scores from the second exposure were significantly higher than scores from the first. Although these authors used a version of the AD task that differs substantially from the version used here, their AD-task data ordinally agree with the current AD-task data. In terms of the ID task, several studies have examined delay discounting before and after various behavioral or pharmacological manipulations. Generally, results from these studies show strong but less-than-perfect correspondence in measures of impulsive choice between assessments [e.g. Koffarnus and Woods (2013) ; Stein et al. (2013a) ; Stein et al. (2013b) ; but see also the studies by Huskinson et al. (2012) and Slezak et al. (2012) who reported no difference in discounting between assessments separated by chronic experimenteradministered D-amphetamine]. Within-subject changes in delay discounting between assessments, such as those obtained in the current experiment, then appear to be common in ID and AD tasks. That behavioral or pharmacological interventions occurred between discounting assessments in each study that used the ID task reviewed above, however, limits the determination of delayexposure or regression-towards-the-mean effects. Direct assessments of test-retest reliability in ID task are warranted.
Despite the high degree of correlation between measures of discounting derived from the current AD and ID procedures, practical considerations should be given due weight when selecting between these delay-discounting assessments. For example, acute administration of pharmacological agents, such as D-amphetamine (Huskinson et al., 2012) and cocaine (Dandy and Gatch, 2009) , often decreases preference for larger delayed rewards. Drug administration, however, also often decreases the preference for larger rewards when neither the larger nor the smaller reward is delayed (see Stein and Madden, 2013; Pitts, 2014 for a review); when this happens, it complicates the interpretation of drug effects on impulsive choice. That being said, the ID procedure allows for identification of these effects in the 0-s delay block, whereas the AD procedure, as typically conducted, does not. Further, the ID procedure allows for the examination of choice across a full range of delays in approximately the same amount of time that the AD task requires for examination of choice under a single delay. Under the conditions of pharmacological treatment, then, the ID procedure would appear to provide a more appropriate measure of impulsive choice than the AD procedure.
Although the AD and ID procedures produced comparable measures of discounting in the present study, additional investigation is needed to determine whether similar concordance would be observed when discounting is manipulated pharmacologically. Agreement might not be expected if drug effects interact differently with the contingencies arranged by ID and AD tasks. For example, drug-induced response perseverance (i.e. consistently choosing one lever regardless of delays arranged; see Loh et al., 1993) likely would manifest differently between tasks. In the ID task, because each session arranges a 0-s LLR delay block initially, perseverance might result in an artificial increase in self-controlled choice across subsequent delay blocks. In the AD task, depending on which lever is chosen at the beginning of a session, perseverance would result in progressive increases or decreases in the adjusted delay, thus producing unsystematic effects across rats. Attention to these and other related effects is necessary when evaluating drug effects on delay discounting.
Conclusion
The present data suggest that the AD and ID tasks produce comparable measures of delay discounting, at least under baseline conditions. The less-than-perfect correlation between the outcomes of these tasks is likely due to regression toward the mean and exposure to response-reinforcer delays, the latter having been shown previously to decrease delay discounting (Stein et al., 2013a) . Despite the correlation between ID and AD indifference delays obtained here, the ID procedure appears to be a more appropriate assessment of delay discounting in the context of pharmacological intervention. LLR, larger-later reward.
